INTRODUCTION
Gastroesophageal reflux disease (GERD) is a widely prevalent disorder with up to 7% of general population having daily symptoms [1] . However, the prevalence of GERD in patients with liver cirrhosis is much higher with estimates ranging from approximately 37 [2] to 64% [3] . This is thought to be due to several factors such as esophageal motor abnormalities from varices leading to reduced esophageal acid clearance [4] and the mechanical effect from ascites which increases intraabdominal pressure thereby contributing to reflux [5] . Additionally, worsening liver function in cirrhotic patients seems to be associated with increased prevalence of GERD [6] [7] [8] . This may be due to elevated levels of hormones such as vasoactive intestinal peptide, neurotensin and nitrous oxide in cirrhosis which reduce lower esophageal sphincter pressure [6] [7] [8] .
Patients with cirrhosis are also reported to be at increased risk for esophageal cancer. In a case control study from Italy of 405 patients with esophageal cancers, cirrhotic patients were 2.6 times more likely to have esophageal cancer (95%CI: 1.2-5.7) than non-cirrhotic patients after adjusting for alcohol use, nicotine use and a history of hepatitis [9] . Also, in a nationwide cohort study from Denmark of 11605 patients with cirrhosis, there was a 7.5 fold increased risk of esophageal cancer compared to the general population (95%CI: 5.6-9.8) [10] . Despite the increased prevalence of GERD and esophageal cancer in cirrhotic patients, little is known about the occurrence of esophageal adenocarcinoma (EAC) and its precursor lesion, Barrett's esophagus (BE) in cirrhotic patients. One of the factors may be that even though cirrhotic patients undergo endoscopies for surveillance of varices, BE may be under recognized due to reluctance of endoscopists to biopsy esophageal mucosa in the presence of coexisting varices or bleeding diathesis in cirrhotic patients. However, instances of high grade dysplasia (HGD) or EAC have been reported in cirrhotic patients [11, 12] . Therefore, our aim was to study the disease characteristics of BE in cirrhotic patients and to assess if they were at increased risk of progression to HGD/EAC when compared to BE patients without cirrhosis.
MATERIALS AND METHODS

Study subjects
After obtaining approval from the Institutional Review Board, all patients over the age of 18 years diagnosed with BE and cirrhosis in the department of Gastroenterology at our institution from January 1 st 2000 to December 31 st 2015 and enrolled in our Barrett's registry were identified. Diagnostic criteria for cirrhosis included characteristic histological picture on liver biopsy or typical imaging findings on ultrasound, magnetic resonance imaging or computerized tomography.
Patients were included in the study if they had undergone at least one upper endoscopy at our institution showing endoscopic evidence of BE and confirmed by the presence of intestinal metaplasia on histology. For surveillance, four quadrant biopsies were taken every 2 cm intervals from BE segments or every 1 cm in patients with known or suspected dysplasia as recommended in the Seattle protocol [13] . Dysplasia is graded per Vienna classification into no dysplasia, low grade dysplasia (LGD), high grade dysplasia (HGD) and cancer [14] . The histological category of indefinite for dysplasia was included under LGD as clinical management is similar. All cases of suspected dysplasia were evaluated by a gastrointestinal pathologist and confirmed by a second gastrointestinal pathologist or at pathology consensus conference. Upper endoscopies are performed by over fifty endoscopists from different specialties.
Information including patient demographics, body mass index (BMI), endoscopic findings (including length of BE, presence and size of hiatal hernia, presence of varices), histological findings (grade of dysplasia), Model for End-stage Liver Disease -Sodium (MELD-Na) score and Child-Pugh (CP) class were abstracted by review of patients' charts. CP class and MELD-Na score were calculated from data available ± 12 mo from the date of the baseline endoscopy.
The primary end point was development of HGD/ cancer in cirrhotic patients with BE and compare to controls. On retrospective review, we found 57 patients with BE and cirrhosis in our institution. Sample size calculation did not apply for this situation. To compare the rate of neoplastic progression, a control group was identified. The cirrhotic patients were matched 1: 4 to BE patients with no documented evidence of cirrhosis and adjusted for age at BE diagnosis (± 5 years), gender and BMI (± 1) using a Greedy algorithm.
Statistical analysis
Data are presented as mean ± SD, median [ Cox regression analysis was used to assess progression and a hazards marginal model and robust sandwich estimators were used in order to account for matching. Incidence rates were estimated for each subgroup by dividing the total number of events by the total number of person-years. Poisson regression was used to assess differences between cirrhotic and noncirrhotic patients and the log of follow-up years was used as the offset. Progression of disease was assessed in a subgroup of patients that had no HGD or cancer at baseline. Patients were divided into 2 subgroups: (1) no dysplasia; and (2) LGD at baseline, and progression was evaluated in these groups separately. A time-toevent analysis was performed to assess progression rates. Follow-up time was defined as months from the baseline endoscopy to the first endoscopy showing progression or last endoscopy if no progression was seen and was truncated at 5 years. Incidence rates were estimated for each subgroup by dividing the total number of events by the total number of person-years.
Poisson regression was used to assess differences between cirrhotic and non-cirrhotic subjects; the log of follow-up years was used as the offset. In addition, we assessed factors associated with progression in cirrhotic subjects without dysplasia at baseline using univariable Cox regression analysis. For this subgroup we assessed progression to LGD, HGD or cancer. All analyses were performed using SAS (version 9.4, The SAS Institute, Cary, NC) and a P < 0.05 was considered statistically significant.
RESULTS
Cirrhotic patients with BE
A total of 57 patients with cirrhosis and BE were identified at our center. The mean age at the time of diagnosis of cirrhosis was 58.2 ± 11 years. The majority of patients were male (78.9%), Caucasian (98.2%) and overweight (BMI 30.6 ± 7.1). The patients had diverse etiologies of cirrhosis with the most common being non-alcoholic steatohepatitis (NASH) in 21 (37.5%), cardiac cirrhosis in 12 (21.4%), and alcoholic liver disease in 8 (14.3%) patients in this cohort. A smaller proportion of patients had other etiologies of cirrhosis such as hepatitis C in 6 (10.7%), primary biliary cirrhosis in 5 (8.9%), autoimmune hepatitis in 3 (5.4%), hemochromatosis in 1 (1.8%), and hereditary causes in 1 (1.8%). A large proportion of patients were found to have co-morbidities including hypertension in 27 (47.4%), diabetes mellitus in 18 (31.6%), and hyperlipidemia in 20 (35.1%). On the index endoscopy, 16 (28.1 %) patients had esophageal varices. There were no bleeding complications noted during or after the procedure. In patients with varices, mucosa between the varices is biopsied. The CP class was A in 50 patients, B in 5 patients and C in one patient. MELD-Na score was 11 (± 5.1) in this cohort.
Dysplasia in cirrhotic patients with BE
As shown in Table 1 , at baseline endoscopy, 79% of the cirrhotic patients had nondysplastic BE (NDBE), 8.8% were found to have LGD, and 12.3% were found to have HGD or EAC. Notably, there was a significant association found between the presence of a hiatal hernia and the finding of dysplasia on endoscopy. Hiatal hernia was present in 80% of the LGD group, 28.6% of the HGD group and only 6.8% of the NDBE group (P < 0.001). Additionally, patients with HGD/ EAC were more likely to be older at the age of BE diagnosis though this was not statistically significant. There was no significant association found between the presence of comorbidities, or endoscopic findings and the presence of dysplasia.
Cases vs controls
A group of 228 patients with BE and no evidence of cirrhosis were matched to the 57 patients in the cirrhosis group. As shown in Table 2 , the control group was well matched by age, gender, BMI, and ethnicity. On initial biopsy, both groups had comparable Table 1 Characteristics of Barrett's esophagus in cirrhotic patients HGD (one in NDBE group and one in LGD group) and 2 patients progressed to EAC (one each in NDBE group and LGD group). In the control group of 155 patients, 24 patients developed LGD, 14 patients developed HGD (seven in NDBE and five in LGD group) and 6 patients developed EAC (4 in NDBE and 2 in LGD groups). A time-to-event analysis was performed to assess progression rates in two subgroups of patients who either had NDBE or LGD on baseline endoscopy (Figures 1 and 2 ). Cirrhotic patients were found to have higher progression rates to both LGD and HGD/ EAC, but this did not reach statistical significance.
Incidence rates
Incidence rates were determined based on data from prevalence rates of LGD, HGD, and EAC. There was a higher prevalence of hiatal hernia in control group compared to the study group (56.1% vs 16.1%, P < 0.001). However, there was no significant difference between the two groups when comparing hiatal hernia length or BE length.
Follow up
The median follow up time for entire study population was LGD (n = 5) HGD/cancer (n = 7) P value the 44 patients in the cirrhotic group with available follow-up endoscopies and 155 patients in the noncirrhotic group (Table 3 ). In the study group, the rates of progression of NDBE to HGD/EAC was 1.1 per 100 person years compared to 1.4 per 100 person years in the control group (P = 0.8). The rates of progression of LGD to HGD/EAC were 13.7 and 8.1 per 100 personyears in the study and control groups respectively.
Factors associated with progression in BE
A univariable analysis was done to assess factors associated with progression from no dysplasia at baseline to any type of dysplasia in cirrhotic patients (Table 4) . For every one point increase in baseline CP class, risk of neoplastic progression increased by a factor of 8 (95%CI: 2.0-30.9, P = 0.003). There was no association found between gender, age, comorbidities, MELD-Na scores, BE length, hiatal hernia size and progression of BE. A multivariable analysis was not done due to very few cases of progression.
DISCUSSION
Approximately 60% of the BE and cirrhosis cohort had cirrhosis secondary to NASH and or cardiac cirrhosis. When compared to BE patients without cirrhosis, BE patients with cirrhosis are at higher risk of neoplastic progression but this did not reach statistical significance. We also found that higher CP score was associated with increased risk of neoplastic progression.
We noted a high prevalence of NASH and cardiac cirrhosis in our BE patients with cirrhosis. This is in sharp contrast to the widely prevalent etiologies of cirrhosis in the United States such as hepatitis C and alcoholic liver disease which account for 62% of cases. Of note, in general US population, NASH accounts for only 18% of cases [15] . This disproportionate representation of NASH in this study cohort may be due to shared risk factors between NASH cirrhosis and BE.
There are multiple studies on the role of obesity, metabolic syndrome, and diabetes mellitus (DM) in the development of NASH [16] . These factors have also been implicated in pathogenesis of BE and EAC. One meta-analysis found a significant association visceral obesity and the development of BE independent of GERD [17] . Another case-control study demonstrated that metabolic syndrome was associated with a two fold increase in risk for development of BE, independent of smoking, alcohol use and BMI [18] .
Additionally, in a population-based case-control study, DM was associated with a 49% increase in the risk of BE [19] . The common denominator underlying metabolic syndrome, NASH and BE may be adipokines and other inflammatory cytokines. Visceral adipose tissue is metabolically active and produces hormones called as adipokines and inflammatory cytokines such as interleukin-6 and tumor necrosis factor-α which interfere with glucose-insulin regulation and are linked to the development of metabolic syndrome [20] . Decreased serum adiponectin and elevated levels of circulating visfatin, IL-8, and TNF-α have been associated with NASH [21] . Similarly, BE is associated with an increase in the pro-inflammatory cytokines IL-12p70, IL-6 and IL-8 and leptin and decrease in adiponectin compared to controls [22] . A large metaanalysis has also directly linked adipokines with the development of esophageal metaplasia, dysplasia, and neoplasia [23] . Although alcohol accounts for over 60% cases of cirrhosis in United States population, it was the main etiological factor in only 14.3% of cases of BE with cirrhosis in our study. Whether this is due to the protective effects of alcohol on BE is uncertain as some studies show lack of effect [24, 25] and others show a slight protective effect [26] . In our study population, there was a trend towards increased rates of neoplastic progression in BE among cirrhotic patients compared to matched non-cirrhotic patients. This is important, as multiple population based studies have demonstrated a rising incidence of esophageal adenocarcinoma in the US population [27, 28] . Therefore, cirrhotic patients, who are a population that is often under-biopsied because of fears of complications, may not be getting adequate surveillance for BE [29] . In addition, bleeding diathesis and portal hypertension in cirrhotic patients may increase the risk of bleeding complications during endoscopic eradication therapies for BE associated dysplasia. Correction of these factors is essential before any therapeutic interventions are contemplated. Further prospective studies would be required to better address this.
Our study demonstrated a statistically significant relationship between an increased CP class, and the risk of progression to dysplasia. The CP class is used as a proxy for determining liver disease severity and is useful for predicting mortality [30] . Elevated scores are associated with more advanced liver disease. This association is likely due to the increased levels of certain humoral factors in advanced liver disease. Studies have demonstrated that there are elevated levels of vasoactive intestinal peptide, neurotensin and nitrous oxide in cirrhotics with worsening liver function. These factors are known to lower LES pressure thereby facilitating GERD, the strongest risk factor for the development of BE [8] [9] [10] . However, we did not find any association between the MELD-Na score, another popular tool for analyzing liver disease severity, and progression of BE. This may be due to the lack of necessary data in a significant proportion of patients (22 out of 57 patients) for MELD-Na calculation.
To our knowledge there are no other studies to date that studied a large population of patients with both BE and cirrhosis. One of the major strengths of our study is the use of stringent criteria for defining BE, i.e., intestinal metaplasia in distal esophagus of any length and use of expert confirmation of all cases of dysplasia in BE. Also, to study if cirrhosis itself is a risk factor for progression, we used a well matched control group of BE without cirrhosis. Our population also consists of mostly older, Caucasian men which correlates with the most at-risk population for BE.
As this is a retrospective case-control study, it has several limitations. Even though liver dysfunction was associated with development of dysplasia, we did not find any statistically significant difference in the incidence rates of dysplasia which may be due to type II error. A larger study on a more diverse group of BE patients may yield more definitive results. As this a retrospective study, follow-up data is not available in all the patients which limits our ability to ascertain true progression rates. Also data regarding other factors such as smoking and use of medications such as aspirin, nonsteroidal anti-inflammatory drugs, proton pump inhibitors which may affect progression rates was not available. Pertinent data were sometimes missing from the electronic medical record increasing the possibility of confounding factors introducing bias.
In conclusion, particular attention should be paid to screening for BE in patients with NASH and cardiac cirrhosis as there seems to be an association between both these conditions. Patients with worsening liver function have higher risk of progression of BE and may need frequent surveillance. Further prospective studies are needed to confirm this association and to identify underlying pathophysiology.
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